Background: In Uganda, detection of brucellosis in goats and humans is more frequently done using rose bengal plate test (RBPT) in comparison to other serological tests such as serum agglutination test (SAT) and indirect enzyme-linked immunosorbent assay (i-ELISA).
Introduction
Brucellosis is one of the most common neglected zoonotic diseases, and it has continued to widely affect the world's population with up to 500,000 new cases worldwide annually in humans, greatly affecting the developing countries such as India, Uganda, Sudan, and among others [1] [2] [3] . A study conducted in Kampala city in 2011 found out that adjusted herd prevalence of brucellosis was 6.5% (11/177, 95% confidence interval [CI]: 3.6-10.0%) and the adjusted individual animal prevalence was 5.0% (21/423, 95% CI: 2.7-9.3%) based on diagnosis using commercial kits of the competitive enzyme-linked immunosorbent assay (ELISA) for Brucella abortus antibodies [4] .
Several methods are used to detect and screen brucellosis that includes rose bengal plate test (RBPT), ELISA, serum agglutination test (SAT), complement fixation test, indirect hemolysis test, and among others [5] . Some of the tests used for brucellosis are highly specific or highly sensitive, thus leading to wrong/misdiagnosis of brucellosis in humans and the animals [6] . Misdiagnosis and underreporting are because in many cases patients have pyrexia of unknown origin or the symptoms and signs are confused with those of other diseases such as typhoid fever, rheumatic fever, spinal tuberculosis, pyelitis, cholecystitis, thrombophlebitis, autoimmune disease, and tumors [7] . The most common test that is used to detect and screen brucellosis in sub-Saharan Africa, which includes countries like Uganda is RBPT due to its cheap cost [8] .
This study aimed at estimating the degree of agreement, specificity and sensitivity of RBPT, SAT, and ELISA in brucellosis detection in human and goat samples.
Materials and Methods

Ethical approval
The research methods were reviewed and approved by the Research and Ethics Committee of the School of Biosecurity, Biotechnical and Laboratory Sciences (SBLS) approval number SBLS/REC/16/17, and School of Veterinary Medicine and Animal Resources, College of Veterinary Medicine, Animal Resources and Biosecurity, Makerere University.
Study area
The research was done in Uganda, and the samples were obtained from samples submitted to Central Diagnostic Laboratory (CDL) for brucellosis screening and those from other studies for brucellosis. CDL located at College of Veterinary Medicine Animal Resources and Biosecurity, Makerere University, was used for the laboratory procedures.
Study design
An analytical study was conducted involving analytical methods of data collection, which included the use of i-ELISA, SAT, and RBT techniques of sample analysis and then data collected was entered into Excel and analyzed using SPSS version 22. Parallel testing of the samples was done where each sample was subjected to all the three tests, SAT, RBT, and ELISA.
Sample collection and handling
A total of 425 goat samples collected from Serere district and 177 human samples collected from Nakasongola between January and April 2017 were randomly chosen from the batch of archived samples, at CDL. All the samples achieved for animals had either aborted or reproductive disorders like infertility. All human samples were suspected for brucellosis based on clinical signs like headache, fever, joint muscle and back pain, fatigue, sweats, loss of appetite, body weakness among others.
Procedure of RBPT
RBPT was performed according to standard procedure [9] with little modifications. 75 μL of serum was taken on a rose bengal plate by micropipette. The rose bengal-colored antigen bottle was shaken well to ensure homogenous suspension, and then 25 μL of the rose bengal-colored antigen was added to the serum. The antigen and serum were mixed thoroughly and waited for 4 min. The result was observed immediately after 4 min. Definite clumping/agglutination was considered as a positive reaction, whereas no clumping/agglutination was regarded as a negative. Controls were run before the sample tests were done.
Procedure for SAT
SAT was performed in 2-fold dilution using phenol as a diluent. Briefly, 0.8, 0.5, 0.5, 0.5, and 0.5 mL of 0.5% diluent (phenol) were dispensed to tube 1, 2, 3, 4, and 5, respectively. 0.2 mL of sample serum was dispensed to tube 1, and the same was done with the positive and negative control. The diluent and serum were mixed well, and 2-fold dilution was done, starting by pipetting of 0.5 mL from tube 1, such that serum dilution of 1/5, 1/10, 1/20, 1/40, and 1/80 was obtained in tube 1, 2, 3, 4, and 5, respectively. 0.5 mL of 1/10 diluted antigen with 10% phenol was dispensed to all tubes and mix well and incubated at 37°C for 16-20 h. The final serum dilution was 1/10, 1/20, 1/40, 1/80, and 1/160 in tubes 1, 2, 3, 4, and 5, respectively. A control panel for reading of results was made. Units were converted to international units per mL. Serum that agglutinated in a tube containing 30 IU/ mL or more was considered positive, and those that had lower than 30 IU/mL were considered negative.
Procedure for i-ELISA
i-ELISA was performed using commercially available kits according to the manufacturer's protocol (IDEXX Montpellier SAS, 326 rue de la Galera, 34090 Montpellier, FR 04-55011-00).
The data obtained were entered into Excel spreadsheets and then transferred to STATA and SPSS version 16 for analysis.
Results
Seroprevalence of brucellosis in animals (goats) by RBPT, SAT, and i-ELISA tests
A total of 425 animal samples (goats) were parallelly analyzed using SAT, i-ELISA, and RBPT. Of the 425 samples, RBPT revealed a prevalence of 14.82%, 7.06% with SAT, and 6.35% with IDEX i-ELISA. All the samples positive with i-ELISA were positive with SAT and RBPT. The results are shown in Table- 1.
Agreement between SAT, i-ELISA, and RBPT for animal samples
An inter-rater reliability test was performed to analyze the degree of agreement between RBPT, SAT, and i-ELISA using Fleiss' kappa. The inter-rater reliability for RBPT, SAT, and i-ELISA in animal samples found moderate agreement (MA) with Kappa=0.57 (p<0.001), 95% CI which was statistically significant. Cohen's kappa was done to establish the degree of agreement between two tests. The results are shown in Table- 2.
Seroprevalence of brucellosis in human samples by RBPT, SAT, and i-ELISA tests
A total of 177 human samples were parallelly analyzed using SAT, RBPT, and i-ELISA. Of the 177 samples, RBPT revealed a prevalence of 11.86, 5.09% with SAT, and 4.52% with i-ELISA. One case was positive for RBPT, negative for SAT, but positive with i-ELISA. The results are shown in Table- 
Agreement between RBPT, SAT, and i-ELISA for human samples
An inter-rater reliability test was performed to analyze the degree of agreement between RBPT, SAT, and i-ELISA using Fleiss' kappa. The inter-rater reliability for RBPT, SAT, and i-ELISA in human samples found MA with Kappa=0.51 (p<0.001), 95% CI which was statistically significant. The results are shown in Table- 4.
Sensitivity and specificity of RBPT and SAT by comparing with i-ELISA as a gold standard for detection of brucellosis antibodies in goat and human samples
The sensitivity and specificity of RBPT and SAT were estimated using i-ELISA as a gold standard. RBPT had the highest sensitivity in both human and goat samples, whereas SAT had the highest specificity in both human and goat samples. The results are shown in Table- 5.
Discussion
In Uganda, different tests have been used in the detection of brucellosis in the field and hospitals. Some of the tests used for brucellosis detection are highly specific or highly sensitive, thus leading to wrong/misdiagnosis of brucellosis in humans and the animals [6] . There are several serological tests that are used for brucellosis detection that includes RBPT, SAT, and i-ELISA, among others, i-ELISA is regarded as the most specific test for brucellosis detection and RBPT most sensitive test [10] . This study revealed similar results; however, there was MA when all the three tests were compared for both human and animal samples. The degree of agreement for all the tests for human and animal samples was statistically significant with p<0.001 and kappa statistic of 0.57 for animal samples and 0.51 for human samples.
Rose bengal test had the highest seroprevalence in both animal and human samples 14.82% in animals and 11.86% in humans similar to results observed by Din [11] , whereas results by Bhanderi showed i-ELISA with the highest seroprevalence [12] . The high seroprevalence in RBPT could be due to false-positive results with RBPT. These results may occur for a variety of many reasons which are found most prominent due to cross-reactions with other bacteria including Yersinia enterocolitica 0:9, which share with Brucella spp. a major O-polysaccharide almost completely, also serological cross-reactions between [13] . The results of SAT and i-ELISA had a substantial degree of agreement for both human and animal samples with kappa value of 0.82 and p<0.001 which was statistically significant for both human and animal samples. However, these results are not in agreement with the results observed by Mantur where i-ELISA had the highest seroprevalence compared to SAT and RBPT [14] , but the results are in agreement to the results observed by Rahman where RBPT had the highest seroprevalence SAT, and i-ELISA had very close range seroprevalence [15] . In general, there was a moderate degree of agreement between all the three tests in both human and animal with kappa value of 0.57 in animals and 0.51 in humans 95% confidence interval and p<0.001 which was statistically significant. This was similar to the findings of Elshemey and AbdElrahman [16] .
When compared with i-ELISA as a gold standard, RBPT had the highest sensitivity in both goat and human samples while SAT had a higher specificity but lower sensitivity of 88 compared to RBPT of 100% sensitivity, these results are similar to those obtained by Ahmed et al. [17] but differ with those obtained by Ghodasara et al. [12] which hard i-ELISA with the highest sensitivity and seroprevalence.
The study involved pre-collected samples for other studies and samples suspected for brucellosis that was submitted to the central diagnostic laboratory for brucellosis detection. This might have influenced the results as the sample collection, transport and storage criteria were not clear. A study involving animal and human samples from selected districts in Uganda preferably Serere where most of the samples came from would be appropriate as it will have a clear picture of the relationship between seroprevalence in animals and humans.
Conclusion
In this study, RBPT detected the highest seroprevalence of brucellosis with the highest sensitivity compared to other serological tests. Thus, RBPT could be used as a suitable screening test for diagnosis of brucellosis in goat and humans. All i-ELISA positive samples were tested positive by RBPT indicating that i-ELISA test could be used for confirmatory diagnosis of brucellosis. All RBT positive samples were tested positive with SAT indicating that SAT could also be used as a confirmatory test.
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